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I.  INTRODUCTION 

The  purpose  of  this  report  is  to  assess  the  effects  of  several  factors  on 
the  performance  of  the  incoherent  electro-optical  real  time  correlator  system. 
This  system  is  based  on  the  design  proposed  in  references  one  and  two  by 
D.  Psaltis.  It  uses  an  acousto-optic  bragg  cell  to  modulate  a  real-time  video 
input  image  with  a  reference  image  which  is  produced  by  a  special  parallel 
readout  high  speed  memory  and  a  custom  LED  diode  array.  The  correlation  is 
read  out  with  a  CCD  video  camera  which  has  been  modified  to  perform  one  of  the 
two  required  convolution  integrals. 

The  factors  discussed  here  are: 

1.  The  Interlaced  input  video  data  stream. 

2.  Tilt  misalignments  of  the  anamorphic  optical  system  and  residual 
scale  differences  and  lateral  displacement  errors. 

The  principal  elements  of  the  system  are  Indicated  in  Figure  1.  The  optical 
system  0^  transforms  the  M-element  linear  LED  array  into  a  M-llne  image  in  the 
AO  cell.  The  optical  system  O2  transforms  the  area  Ai  into  a  rescaled  area  A2 
on  the  output  CCD  2.  The  width  D}  corresponds  to  the  length  of  the  input 
video  line  from  CCD  1  just  as  it  begins  to  travel  across  the  AO  cell  window. 
The  detailed  operation  of  this  system  is  described  in  references  1  and  2. 

II.  INTERLACE  EFFECTS 

Consider  the  the  output  of  CCD  #2.  It  consists  of  N  lines  and  is  one  full 
frame  of  video.  It  is  sent  to  an  output  video  monitor  which  writes  the  first 
N/2  lines  as  field  #1  and  the  second  N/2  lines  as  field  #2.  Suppose  the  CCD 
#2  is  a  single  correlation  peak.  Then  the  monitor  fields  are: 

Field  #1:  The  first  N/2  lines  stretched  2X  vertically. 

Field  #2.  The  second  N/2  lines  stretched  2X  vertically. 

The  Interlaced  result  will  be  the  original  image  cut  in  two,  the  halves 
stretched  and  overlaid  on  each  other.  This  is  sketched  in  Figure  2. 

In  order  to  avoid  this,  we  need  Instead,  to  have  a  field  #l/field  #2  flat¬ 
tened  dual  correlation  peak  image  out  of  CCD  #2.  This  is  sketched  in  Figure 

3.  How  can  this  be  obtained?  What  we  know  is  that  the  system  of  Figure  1  will 
produce  correlation  peaks  everywhere  the  AO  video  input  matches  the  reference 
image.  Thus,  if  the  video  from  CCD  #1  is  a  standard  field  #l/field  #2 
sequence,  then  a  single  target  scene  presented  to  CCD  #1  is  converted  automa¬ 
tically  to  a  doubled  and  flattened  dual  target  "image"  as  it  is  received  by 
the  AO  cell.  This  is  exactly  the  input  image  desired.  However,  the  decom¬ 
position  by  CCD  #1  of  the  input  scene  into  two  fields  destroys  half  the  ver¬ 
tical  resolution.  The  only  way  to  avoid  this  is  to  use  a  completely 
uninterlaced  system,  which  is  expensive  and  difficult  in  practice. 
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Thus,  the  use  of  interlace  mode  is  appropriate  for  the  correlator  if  the 
reference  image  is  one  field  rather  than  one  frame.  The  slight  difference 
between  two  fields  will  produce  an  equally  slight  decorrelation  in  one  field 
of  the  output;  however,  the  other  field  will  always  be  exact  and  thus  the 
system  should  still  operate  satisfactorily.  ' 

111.  TILT  AND  SCALE  EFFECTS 

The  effects  of  tilt  and  scale  changes  can  all  be  accounted  for  as  equiva¬ 
lent  operations  on  the  reference  image.  As  long  as  the  amount  of  change  is 
within  the  established  limits  of  standard  image  correlators,  usually  several 
percent  of  variation,  these  factors  will  not  preclude  normal  operation  of  the 
real-time  correlator.  The  correlator  is  invariant  under  lateral  translation 
of  the  images,  so  this  factor  should  have  no  effect. 

Mathematically,  the  correlation  image  is 


n  Ti  +  *2 

C(  T,n)  a  J  f(t-T,k)h(t,m+k-n)dt 

k-n-m+1  Ti 

and  tilt  and  scales  changes  are  equivalent  to  the  transformation 


h(u,v)  +  h(u' ,  v’) 


where 


u'  ■  o  (u  cos  0  +  v  sin  0) 
v'  ■  0  (v  cos  0  -  u  sin  0) 


are  scaled  and  rotated  coordinates.  The  scale  factors  (a,  0)  thus  should  be 
within  a  few  percent  of  unity  and  the  angular  rotation  0  within  approximately 
+  5°. 
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